Introduction
An increase in the Caw or Na+ content of various body secretions has reported consistently in patients with CF. This has suggested the presence of a membrane transport defect to many investigators. Because of their ease of availability, RBC have been studied by several workers in an attempt to document an abnormal transport mechanism. The results of these investigations have been remarkably inconsistent.
The content of Na+ in CF RBC has been uniformly normal [2, 3, 91 . Balfe et al. [2] have described a small decrease in ouabain-sensitive Na+ efflux, and a marked reduction in the ouabain-insensitive Na+ efflux. This latter was caused by deficiencies in both the ethacrynic acid-sensitive and -insensitive portions. Paradoxically, they noted decreased ouabain-sensitive (Na+-K+)ATPase in CF erythrocyte membranes, whereas the ouabain-insensitive portion was normal. Lapey and Gardner [9] have also observed a decrease in the ethacrynic acid-sensitive portion of Na+ efflux in RBC of homozygous CF males and older females, but the RBC transport function of younger female subjects and heterozygotes was normal. They did not report any studies of RBC ATPase activity.
Cole and Dirks [3] have examined ATPase activity in CF RBC, but have not studied Na+ transport. They observed normal ouabain-sensitive ATPase and dimin-ished ouabain-insensitive ATPase in CF RBC membranes. Cole and Dirks also studied the effect of preincubation of normal RBC in CF and normal plasma. Their data suggests that CF plasma may contain a factor which reduces the ouabain-sensitive but not the ouabain-insensitive ATPase of normal cells [3] .
Horton et al. [8] have studied ATPase activity in RBC of CF heterozygotes and homozygotes. They reported normal (Na+-K+)-and (Mg2+)ATPase activities, but decreased (Ca2+)ATPase activity in CF homozygotes. T h e degree of abnormality was directly proportional to the clinical severity of disease. They found normal ATPase activities in the RBC of heterozygotes, however.
Hadden et al. [6] have recently reported totally normal S6Rb and SZSr transport in CF erythrocytes. Because R b + and Sr" are transported by the same mechanisms as Na+ and Ca2+, respectively, they inferred that Na+ and Ca2+ transport is normal in CF cells. These authors observed no deficiency of ethacrynic acid-sensitive Na+ efflux.
We have studied CF RBC membranes in an attempt to clarify the rather confusing picture created by this contradictory series of previous reports. We were totally unable to confirm any abnormality of ATPase function in CF heterozygotes or homozygotes, and also failed to confirm any abnormality of Na+ or K + transport in CF RBC.
Methods
Patients with CF were selected from the clinics of the UCLA Center for the Health Sciences and the Strong Memorial Hospital on the basis of their willingness to undergo venipuncture. Obligate heterozygotes were similarly chosen from among the mothers of C F patients. Normal subjects were chosen at random from the clinical, laboratory, and secretarial staffs of the clinics.
For the ATPase assays, cells were washed and lysed by the method of Nakao et al. [ll] . Protein content was determined by the method of Lowry et al. [lo] . Incubations for (Na+-K+)ATPase were performed by the method of Post et al. [13] . Filtrates were prepared with cold 10% trichloroacetic acid.
Incubations for (Ca2+)-and (Mg2+)ATPase were performed in 50 mM Tris-maleate buffer, p H 6.8, at which p H maximum activity was obtained [4] . T h e Mg2+)ATPase was defined as the inorganic phosphate (Pi) liberated from ATP in the presence of Mg2+ less that liberated in the absence of Mg2+. (Ca2+)ATPase was defined as the Pi liberated in the presence of Mg2+ and Ca2+, less that liberated in the presence of Mg2+ alone. T h e concentrations of Mg2+ (0.01 M) and Ca2+ (0.001 M) were chosen to maximize the reaction rate [4] . T h e concentration of free Ca2+ was calculated from the binding constant of ethylene glycol tetraacetic acid [I21 which was present in a final concentration of 0.001 M. ATP was present in a concentration of 0.0025 M, which provided maximum reaction velocity.
T h e reaction was performed in a volume of 0.5 ml at 37" in an oscillating water bath. T h e reaction was started by the addition of Tris-ATP, neutralized with KOH. It was stopped by the addition of 0.5 ml iced 1070 trichloroacetic acid.
All ATPase incubation filtrates were analyzed for the concentration of Pi by the method of Ames and Dubin [I] . T o avoid thermal hydrolysis of ATP, the color was allowed to develop at room temperature and a standard curve of OD versus [Pi] was performed with every experiment.
Measurements of Z4Na+ and 42K+ transport were performed [5] . Ouabain-induced Na+ accumulation and K+ loss were also measured without isotopes. All transport incubations were performed in Krebs-Henseleit buffer as described previously [5] .
Results and Discussion
Initial studies of the Ca2+-and Mg2+-ATPase activities of CF erythrocyte membranes were entirely within (7) 1.2 zt 0.1 (7) 1 . 5 f 0.2 (7) 1.4 f 0.1 (7) accumulation)
